I. Adult rats were trained to consume the entire day's ration in z h. They showed marked difference in food intake when a diet lacking in protein was given. T w o broad stages were observed, the first phase did not show any drop in calorie intake whereas the second showed distinct severe calorie deficiency.
Protein-free diet. This was prepared from the basal diet by replacing casein and methionine with maize starch.
Animals and their training
Spaced-feeding procedure. About forty male rats of the Wistar strain, each weighing 100-110 g were trained to consume the entire day's food in 2 h (Kumta et al. 1958; Sekhara Varma & Hanumantha Rao, 1966) . For this purpose, the laboratory stock diet was given for only 2 h each day during the 1st week, and was then replaced by the basal diet for the next 4-5 weeks. The training period resulted in an initial loss in weight due to low food intake but the rats gained weight after a week and increased their dietary intake. Further, to eliminate possible effects, if any, of initial growth depression, the rats were continued on training for a period of 40 days (Fig. I) .
At the end of the training period, the rats which showed consistently uniform gain in weight (216 g) and consumed nearly the same amount of diet ( I I g/day) were selected. They were separated into three groups each consisting of five rats. Groups I and 2 were given, respectively, the protein-free diet and the basal diet. Since protein deficiency may cause a drop in food intake, a pair-fed control group was also included (group 3), which received the basal diet equal in amount to that consumed by group I .
Ad lib. feeding procedure. Male Wistar rats maintained on the stock colony diet, of average weight 216 g, were selected to serve as pair-weight controls of the rats used in
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Since there was a severe drop in food intake of group 5 , within 3 days, followed by daily spillage of diet, the experiment was discontinued after 6 days. 
R E S U L T S
Diet consumption. Fig. 2 shows the influence of feeding procedures on the food intake of rats given a protein-deficient diet. In the rats fed ad lib., the calorie deficiency occurred immediately after ingestion of the protein-deficient diet, which was followed by severe symptoms of protein deficiency. Subsequently, owing to spilling of diets by the rats on the protein-deficient diet, food consumption could not be accurately measured. In contrast, the spaced-fed rats could continue to consume 10-11 g/day of the protein-deficient diet for which this group was trained, up to I I days. Subsequently, this group also showed a severe drop in food consumption as observed with the animals fed ad lib. In the rats given the basal diet the pattern of food intake was the same irrespective of the feeding procedure.
Body and organ weights. The effect of the two feeding procedures on body-weight is illustrated in Fig. 3 . Control rats fed on the basal diet either ad lib. or by the spacedfeeding technique showed similar gains in weight. No change in weight was observed with the pair-fed controls. Loss in body-weight of about 30 g occurred in 5 days with the protein-deficient group fed ad lib. as compared with 11 days for the spaced-fed animals on the protein-free diet, showing the effect of the two feeding procedures on Vol. 23 Protein dejkiency in spaced-fed rats 749 rate of loss of body-weight. Table I gives values for the weights of organs from rats given the control and protein-free diets ad lib. or by the spaced-feeding technique.
There was a marked decrease in the weights of livers, kidneys and spleens of the rats maintained on the protein-free diet. Nitrogen balance and urinary products. Table 2 summarizes the results of analyses of pooled urine samples from spaced-fed rats collected during days 1 3 and 9-1 I . Beyond I I days, urine samples were not analysed, since severe calorie deficiency developed in the protein-deficient group thereafter. While the diet supplied to groups 2 and 3 contained I I yo casein, group I was fed on a diet devoid of protein.This resulted in severe negative nitrogen balance on the 1st day after the basal diet was changed to the protein-deficient diet. * Nitrogen, a-amino nitrogen, uric acid and allantoin levels are expressed as mg/24 h urine; inorganic phosphate level is expressed as n-moles/z~+ h urine. Even though groups 2 and 3 were both given the basal diet, they showed a difference in the pattern of excretion of urinary products. The decrease in the amounts of urinary products excreted by group 3 can be attributed to lower protein intake as compared with that of group 2. This difference increased further in group I, the reduction in the urinary excretion of nitrogen and of inorganic phosphate being 10 and 40%
during days 1-3 and 40 and 60 yo during days 9-1 I respectively, when compared with that of group 3. The decreases in the amounts of other excretory products were observed during 9-1 I days, when the excretion of a-amino nitrogen and uric acid levels decreased by 15 and 58% respectively. The amount of allantoin excreted was not affected by protein deficiency. Liver enzymes. The xanthine oxidase and succinic dehydrogenase activities of rat liver from spaced-fed rats are given in Table 3 . The xanthine oxidase activity was reduced by 75 yo in the pair-fed group, and by about 95 yo in the protein-deficient group when compared with the controls. The succinic dehydrogenase activity was reduced by 25 yo in the protein-deficient and pair-fed groups when expressed on the basis of total liver weight. However, this activity remained constant when expressed per g liver, but increased by 50% when expressed per mg nitrogen in the proteindeficient group compared with the other two groups. Liver constituents. Table 4 gives the value for liver constituents of the three groups of spaced-fed animals. Since the liver weights and liver nitrogen content of group I were found to be reduced, the values for liver constituents in Table 4 have been expressed per g liver.
It is interesting to note that in the livers of rats in group I, given the proteindeficient diet, DNA and RNA were markedly reduced, but there was an accumulation of glycogen and lipids as compared with rats given the diet containing protein (groups 2 and 3). The increased accumulation of lipids due to protein deficiency would be also reflected in vitamin A levels. In groups 2 and 3, the contents of vitamin A ester and alcohol were constant, but in the protein-deficient group vitamin A alcohol increased gradually with a concomittant fall in vitamin A ester. The ratio of vitamin A alcohol to ester in the livers of this group after I I days was almost twice that found in group 2.
D I S C U S S I O N
It is now understood that there is a relationship between a protein-free diet and the factors influencing dietary intake (Mayer, 1955 ; Brobeck, 1955 , Lepkovsky, 1953 . The feeding procedure is known to influence the characteristics of protein deficiency. Thus, with ad lib. feeding, severe depression in food intake is considered as a manifestation of protein deficiency similar to marasmus (Platt et al. 1964) . The forcedfeeding technique has been used to produce a kwashiorkor-type of symptom in experimental animals (Adamstone & Spector, 1950; Samuels et al. 1951 ; Van Pilsum et al. 1957; Spector & Adamstone, 1950; Sidransky & Farber, 1958; Sidransky & Rechcigl, 1962) . When adult rats are spaced-fed depression in food intake occurs in two stages. The first stage, which follows a single feeding on a protein-deficient diet for 2 h and continues for about 11 days, is characterized by a small but consistent drop in food intake (Fig. 2) . In the second stage the depression in food intake is severe. These two stages cannot be dissociated in animals fed ad lib. or by the forced-feeding procedure.
In animals fed ad lib. the effects of protein deprivation on nitrogen balance (Srikantia, Venkatachalam, Reddy & Gopalan, 1964; Srikantia, 1963 (Kosterlitz, 1947) and increase in the ratio of vitamin A alcohol to ester (Adhikari, Vakil & Sreenivasan, 1968) are associated with the imposition of severe calorie deficiency. However, our present studies showed the occurrence of such changes during the early stage of calorie deficiency. Thus, levels of urinary nitrogen, inorganic phophorus and uric acid can be influenced by the combined effects of mild calorie deficiency and protein deficiency, whereas amino nitrogen and allantoin levels are affected similarly by either of these conditions. It is also interesting to note the presence of some xanthine oxidase activity even after I I days on the protein-free diet, and the partial effect of calorie deficiency in lowering the activity of this enzyme. This is in contrast with the complete disappearance of liver xanthine oxidase activity within 5 days (Muramatsu & Ashida, 1962 ; Kazantseva & Kaplanskii, 1956 ; Kshirsagar & Patwardhan, 1958) when rats were fed ad lib. on a protein-free diet. Succinic dehydrogenase activity varied when expressed on different unit bases.
This has also been reported by Williams (1961 b) when rats were fed ad lib. on a proteinfree diet.
The reported alterations in the characteristics of subcellular components in protein deficiency are also influenced by high calorie deficiency (Williams, The studies reported here show the division of manifestations of protein deficiency into two parts due to mild and severe calorie deficiencies associated with a proteinfree diet. Detailed studies on the metabolic adaptation regulating the first stage of deficiency in trained rats would be useful in elucidating the complex biochemical lesions of protein deficiency.
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